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Q Deep surveys planned as a Key Science Project of LOFAR provide completely new opportunities 

^ for gravitational lens searches. For the first time do large-scale surveys reach the resolution re- 

d quired for a direct selection of lens candidates using morphological criteria. We briefly describe 

the strategies that we will use to exploit this potential. The long baselines of an international 

£^-LOFAR are essential for this project. 
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1. Introduction 



Gravitational lensing is the best method to determine the mass distribution of distant galaxies 
with high accuracy. With a large sample of lens systems at a range of redshifts, we can study not 
only the structure but also the evolution of galaxies. We identify three main topics, in which lensing 
can help to resolve controversial problems. 

• Most galaxies at moderate redshifts seem to have very close to isothermal (p oc r~^) mass 
distributions. Why is this the case, and does it also hold for higher redshifts? 

• How does the central density profile of galaxies look like? Do they have cores or cusps, how 
do masses of central black holes evolve? 

• Are small sub-halos as abundant as predicted by the CDM structure formation scenario? 





Figure 1: Two examples from the bright end of typical lens systems expected to be found in LOFAR surveys. 
Left: RXS J1131-1231 (HST image from Claeskens et al, 2006). Right: The '8 o'clock arc' (Allam et al, 
2007). WSRT 5 GHz contours superimposed upon SDSS image. 



We can help answering these questions by modelling the mass distributions to fit for the struc- 
ture of gravitationally lensed sources. In order to obtain information about the complete mass 
distribution, lensed extended sources like the ones shown in Fig. 1 should be used and modelled 
with LensClean (Wucknitz, 2004). There are several advantages in using radio observations. Most 
important are the wide range of resolutions that can be achieved with radio arrays and the absence 
of effects like dust extinction and microlensing. So far we know less than 50 radio lenses, whilst 
the number of optical lenses has grown well above that and is increasing further. 



2. New lens surveys 

2.1 Source-targeted search 

LOFAR not only probes a new frequency range but also new parameter space in terms of 
resolution and sensitivity of wide-area radio surveys. With these data, it is for the first time possible 
to identify lens systems directly from the source surveys using morphological criteria. Following 
up complete source samples as done in CLASS (Myers et al., 2003; Browne et al., 2003) would be 
prohibitive for the extreme number of sources expected in LOFAR surveys. 

The expected lensing rates for this source population is 1:2000, leading to potential numbers 
of 400000 and 15 000 lenses in the LOFAR surveys at 120 and 200 MHz, respectively. Because 
of sensitivity and resolution limitations, we will be able to identify only a small fraction of these 
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Figure 2: Simulated Clean maps of a lensed star-burst galaxy with three different LOFAR arrays. The full 
international LOFAR is needed to properly resolve and map the lensed source. 

lenses. At 200 MHz, 900 lenses are a more realistic number, for which we probably have to follow- 
up around 10000 candidates with the EVLA and/or ^-MERLIN. At 120 MHz, longer baselines 
would be needed to detect more than just the systems with the largest image separations. 

A good fraction of the LOFAR sources will be star-bursts galaxies, and the majority will have 
extensions and structures exactly on the scale that is needed for accuracte lens models. We can thus 
build the perfect sample for the study of the structure and evolution of galaxies. 

2.2 Lens-targeted search 

An alternative strategy to find lens systems is to add the information from optical galaxy cat- 
alogues listing potential lensing galaxies at moderate redshifts. By cross-correlating these galaxy 
catalogues with the LOFAR source catalogues, we can establish a large sample of lens systems 
with well-defined selection criteria for the lens galaxies. Combining the Luminous Red Galaxies 
(LRG) from the SDSS with the 120 MHz LOFAR survey, we expect to find about 500 lenses in 
5000 candidates. With upcoming larger galaxy surveys, this number can be significantly increased. 

3. Limitations 

Even with additional stations in neighbouring countries, the resolution of LOFAR will be 
sufficient to securely identify only lenses with relatively large separations. Fig. 2 shows simulations 
of a lensed star-burst galaxy observed with three different arrays. We see that a good number of 
international stations is not only required for the resolution but also for good mapping properties. 

The recently announced de-scope of LOFAR will modify the expectations for the lens surveys. 
Very roughly, a drop in sensitivity by a factor of 2 will lead to a reduction in the number of lenses by 
the same factor. Realistic expectations will depend on the adapted survey strategy and the number 
of international stations, which can partly compensate for the reduction of Dutch LOFAR. 
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